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Blarina Gray, 1838 

Blarina Gray, 1838:124. Type species Corsira (Blarina) tal- 
poules Cray (=Sore X talpoides Capper = Sorex brevicauda* 

ta&sss. ena,ion - Heva,ed to «— * rank * 

Brachysorex Duvernoy, 1842:37-41. Type species Brachysorex 
fefertta* ern ° y { = S ° reX irev ^dus Say), by origin 

Talposorex Pomd, 1848:248. Type species Talposorex platyurus 
Pomel (Sorex brevtcaudus Say), by original designation. 

^Wagner 1855:550-551. Type specie? Sorex cTrolinensU 
Bacnman, by original designation. 

COOTEXT AND CONTENT. Order Wtivora, Family 
Soncidae, Subfamily Soncinae, Tribe Blarinini (Repenning, 1967) 
The genus Blarina includes three species. Key characters used 
herein were adapted primarily from George et aJ. (1981, 1982) but 
S™™ 11 bas ^ ° n presented by Braun and Kennedy 
Tate e\ ?(1980) 6 (19?2> * M ° ncrief et **' < 1982 >> ™* 

1 Size large (total length usually greater than 110 mm- 
occipito-premaxillary length (Choate, 1972a) usually 
greater than 20.5 mm if east of Mississippi River, usu- 
ally greater than 21.5 if west of Mississippi RiverV 
karyotype 2n = 48 to 50, FN = 48 B . brevicauda 

bize smaller (total length usually less than 110 mm- oc- 
cipito-premaxillary length usually less than 20.0 mm if 
east of Mississippi River, usually less than 21.5 if west 
of Mississippi River); karyotype other than indicated 

above 2 

2 (1) Size smallest in genus (cranial breadth as small as 9 6 
"^Jf H.0); karyotype 2n = 50 to 
o *r of (m Ae subs P ec «* B. c. peninsulae) or 
2n = 46, 39, 38, or 37, FN = 45 or 44 (in B\ c 
caroUnensis) B caroUnensis 

Size larger (cranial breadth as great as 12.2 mm, usually 
greater than 10.5); karyotype 2n = 52, FN = 60 to 

—— _ _ — B. hylophaga 



Blarina simplicidens Cope, 1899:219. Type locality Port Kennedy 
Cave (a pre-Wisconsinan local fauna), Montgomery Co Perm, 
sylvania. 

Blarina brevicauda ozarkensis Brown, 1908:170. Type locality 
Conard fissure (a pre-Wisconsinan local fauna), Newton Co 
Arkansas. Elevated to specific rank by Graham and Semken 
1976:434. 

Blarina fossilis Hibbard, 1943:238. Type locality Rezabek gravel 
pit (a pre-Wisconsinan local fauna), Lincoln Co., Kansas. 

CONTEXT AND CONTENT. Context is given above in 
the generic account. Eleven Recent subspecies of B. brevicauda 
(exclusive of B. caroUnensis and B. hylophaga), referable to two 
semispecies (Jones et al., 1984), currently are recognized (Hall, 
1981; Handley, 1979): 

B. b. aloga Bangs, 1902:76. Type locality West Tisbury, Martha's 
Vineyard, Dukes Co., Massachusetts. 

B. b. angusta Anderson, 1943:52. Type locality Kelly's Camp 
Berry Mountain Brook, near head of Grand Cascapedia River 1 
Gaspe Co., Quebec, about 1,600 ft. 

B. b. brevicauda (Say, in Long, 1823:164), see above. 

B. b churchi Bole and Moulthrop, 1942:109. Type locality Roan 
Mountain, Mitchell Co., North Carolina. 

B. b. compacta Bangs, 1902:77. Type locality Nantucket, Nan- 
tucket Co., Massachusetts. 

B. b hooperi Bole and Moulthrop, 1942:110. Type locality Lyn- 
don, Caledonia Co., Vermont. 

B. 6. kirtlandi Bole and Moulthrop, 1942:99. Type locality Holden 
Arboretum, Lake and Geauga counties (the county line bisects 
the type locality), Ohio. 
B. b.manUobensis Anderson, 1947:23. Type locality Max Lake, 
Turtle Mountains, Manitoba, "latitude a little north of 49th 
parallel, longitude about 100 degrees west; altitude about 2 100 
feet." 

B. b. pallida R. W. Smith, 1940:223. Type locality Wolfville, 

Kings Co., Nova Scotia. 
5. 6. talpoides (Gapper, 1830:202), see above. 
#. 6. telmalestes Merriam, 1895:15, see above. 



Blarina brevicauda (Say, 1823) 

Northern Short-tailed Shrew 

Sorex brevicaudus Say, 1823:164. Type locaUty west bank of 
Missouri River, approximately 2 mi E Ft. Calhoun, formerly 
t^ineer Cantonment, Washington Co., Nebraska (Jones, 1964: 

Blarina brevicauda: Baird, 1858:42; first use of current name 
combmaUon. 

Sorex talpoides Gapper 1830:202. Type locality between York 

and Lake Simcoe, Ontario. 
Sorex dekayi Bachman, 1837:377. Type locality New Jersey. The 

nomenclatonal history of this name and Sorex dekayi De 

Kay were reviewed by Handley and Choate (1970) 
Galemys micrurus Pomel, 1848:249. A new name proposed for 

Sorex dekayi De Kay" (Handley and Choate, 1970) 
Blari^angusticeps Baird, 1858:34. Type locality Burlmgton, 

Chittenden Co Vermont. Regarded by Merriam (1895) as 
. based on a deformed skull (Bole and Moulthrop, 1942) 
Blarina costaricensis J. A. Alien, 1891:205-206 Type locality 

vT ( ?u • . ,}T n SOmewhere » U PP<* Mississippi 
Valley probably Iowa (Allen, 1897; Bole and Moulthrop, 1942) 
Blarina telmalestes ^Merriam, 1895:15. Type locality Lake EW 
raond, Dismal Swamp, Norfolk Co., Virginia. 



DIAGNOSIS. The Nearctic genus Blarina includes the nearly 
uniformly silver to black (often with brown tips on hairs), short- 
tailed shrews having five unicuspidate teeth in each upper jaw (Fig 
1). The dental formula is as in the genus Sorex: falciform incisor 
five urucuspids, the fourth premolar, and three molars in each upper 
toothrow; procumbent incisor, one unicuspid, the fourth premolar, 
and three molars in each lower toothrow, total 32 (Choate, 1968,' 
1970, 1975). The genera Blarina and Sorex readily can be distin- 
guished externally by the relatively much shorter tail of the former 
(20% of total length is typical for Blarina, whereas more than 40% 
is usual for Sorex). Blarina can be distinguished from Cryptotis in 
that the latter lacks one unicuspid (30 total teeth in Cryptotis. 32 
in Blarina; Hall, 1981). 

Blarina brevicauda is the largest species in the genus (Gen- 
oways and Choate, 1972; George et al., 1981; Graham and Semken, 
1976; Moncrief et al., 1982). Its geographic range (Fig. 2) lies 
north of the ranges of 5. hylophaga (in the west) and B. caroU- 
nensis (in the east), from which it usually can be distinguished by- 
its greater size. In southern Iowa, northern Missouri, and north- 
eastern Kansas, however, small individuals of B. brevicauda may 
fall within the range of measurements of B. hylophaga (Moncrief 
et al., 1982). Therefore, the most diagnostic character of B. brev- 

1982) " ^ kary0type: FN = 48 ' 2n = 48 t0 50 et 

GENERAL CHARACTERS. Blarina brevicauda is a rel- 
atively large, robust shrew (Fig. 3). Its external ears are inconspic- 
uous and concealed by pelage and its eyes are minute. The snout 
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1mm 

from Round ^TeK SfcTi 7 "Tst f"? 
Allegheny Co.. Pen^vaniar^rN LlLZI 

in adults is faintly to i5tot5lJ^ F " ^ "* 

and are relatively broader » J« l Pentadactylous 

r f^sonal /JffLS^^&X * t 

in par, hZS^CSr,' - '' * ^ 
is shorter and sfehtlv oafer ,W ^ . d ? nser - Sunun er pelage 
nearly indistin^aHe from * K % pdage and ^etiTesis 
sku/is ntorTSvfa^ U « 
American shrews and is character^ £h V ^" ^ ° f 0ther 
and processes (Jackson, T%1^ ( ? "i^ by P r0nUnem rid g« 
chestnut in color) and e^Va r e^ ^ entei 
figuration: "first upper Sr - h^^S^J 0 ** 1 * 
ventrad and . . . posLssW a 2nd^ • 55 CUrVed ° r """M 
other incisors. c^^Va U XV^o3f ke "?* ' " ' 5 aU 

dental and mandibular character „r u »*».«J. Other 

illustrated by Repenning S^ ' ^ Were describe «l and 
Nestling abort-taded shrews grow rapidly, and they attain es- 



b. brevicauZ; 4, if. 4 churchi-S R A 3 ' * 



sentiaUy aduh size (but not necessarily mass; Dapson. 1968> krf„ 
they become susceptible to trappmg (Guildav 1957) 1^ 7 
most authors have ontwl t« Al^ > ^""aay. 1VS/). Accordmgly. 

gardner and McPhers^ S «f ^sT/at^ 

e^nirr- n Sft ffi sets 

cramatei^L ( LT> ,heS< 1 ) "[^ and 
1964) ,owa <££ fogg^ eTal ItmP^T 
J- Jp-j. only. Cuilday. 1957). ^li^TJilr^- 

Ohio (Moncrieft £ 982) JoTf^ * -^n* ^ 

7 fl /? «v • . i?" V: maMll "y breadth. 8.0 to 9.1 (8 7) 7 1 to 
7.8 (7.6); mterorbital breadth, 5.9 to 6 7 (6 2) S3 ,„ i « «Yv 
length of mandible. 13.3 to 14.4(13.8). 11 6 to 13 0(12 iV k - ^ 
of mandible. 7.4 to 8.2 (7 9) 6 1 7 l tf. ?i • ( . .* he,sht 
2.8 to 3.2 (3.0). 2.3 to 2 7 (2 4) ( " fc artCular bread,h ' 

rvennedy, 1983), southern IUinot (Ellis et al 197Rt »«, tr 
gmia (Tate et al.. 1980) western Nn^k r I- 1978 | « astern Vlr " 
eastern Alabama (French, mil ^ 

sp.cJpSy R a^S 6reW£Ca ^ ° r - ■~«« 

Pliocene^ The e j^;'^ f ^ m " ,e ^ " ,he ^ ° r 
mens of the ^SSTSiiTS » "Wed kjr speci- 
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. h Ph0 J^"P h of a feeding Blarina brevicauda Pho- 

tograph by Roger W. Barbour. 

species of B. brevicauda appeared later in the early Pleistocene 
perhaps during the Kansan glacial, but before the o^ of t h e To 

^d e flTr\° f Bb T" P Car ° 1 ™™" ™ the miTLngtomln 
and B hylophaga after the Wisconsinan glaciation). Continuity of 
gene flow between the two semispecies of B. brevicauda durW the 
Re^stocene and Holocene and the absence of fixed chromosomal 
.hfferences between the semispecies appaxemly prevented speciation 
of these phena (Jones et al., 1984). 

FORM. Merriam (1895:11) described the pelage of B. brev- 
«auda as 'Wy-plumbeous above, becoming ashy-plumbeous 

hr^nX 6 £ L6ht " F,n t y and '<> nes (1956) described 
three molts. Ue first, postrenal molt does not occur until the 

ST! * ~V' aduJt ^ ^ fu ^ J««nrf pelage she£ 
EE£ "V ^ ^° n , and P roceeds the new , 

(whether long sdky wm.er fur or shorter summer fur) is deterWd 

to wmter pelage proceeds m a tail-to-head direction in both first- 

NoveX '^ ^ mOSt 0fte " fa «« » October ^d 
November. Spnng mo t can occur at any time between February 
and July; m females ,tls to a bead-,o-»ail direction, whereas in mali 

I v ""^ and Jones - 1956 >- Albinistic BlariZ 

have been report^ from Delaware, Indiana. New York. Pennsyl- 
™,a. Vennon, (Williams. 1962). and Ohio (Svendson akd iSfi 

^"j* breviawda possesses three dermal scent glands, one 
ventral and one on each flank. Sweat glands seem to be the prinetole 
component of the lateral glands, whereas sebaceous tissueTmore 
pronounced m the ventral gland (Pearson. 1946). Scent glandsTe 
^ developed m both males and females; they Urease tote fa 

SdTe l^ A ^ » ^Pring and autumn 

(Ead.e. 1938) and become smaUer in females during estrus pre fi - 

A T" 1946) " (1938) suggeste/titft 

tnTn 6 ^ ""^ SerV r f 3 ^ ° f P™ 1 ^ ^ musky odor 
hey produce ^tasteful to many carnivores, and the abdominal 
slur « assorted closely with the underlying muscles, possibly to 
faohute secreuon W hen a shrew becomes excited or upset Ue 
glands also nught be used for marking territories, thus Lving to 

(Pearson, 1946* however, the sense of smell is considered to be 
poorly developed (Schwartz and Schwartz, 1981) 
Rvder^HOm f, B \ b ™ icauda » degenerate (Caughran. 1954; 
2hT: * ^ J T C " erVe 816 ^"tive and. although 
.bght motion « » possdjle the reduced ocular muscles do not arife 

£M , tfi Vy ° n Pr0bab1 ^ b «° Perception of 

light (Schwam and Schwartz, 1981). Th e lachrymal gland k much 

cavrty. The gland has .ts own investment of striated voluntary mus- 
*T T C ° mpreSS ^ ^ volunuX 

There is controversy about the dental formula of short-tailed 
shrews. Merriam (1895) described it as i 4/2, c 1/0 Ts/l m 
3/3, total 32 Arnbach-O.isue-Iinde (1912) op'ined ia't L denta, 
formula actually is 13, 14, 15, PI, P2, P3. P4 Ml M2 Nf3/i4 
pi. P 4, ml, m2, m3, and suggested that two additional rudimentary 



incisors are present early in embryonic development. Kindahl (I960) 
lound no evidence for these rudimentary incisors and stated that 
the dental formula is II, 12, 13, C, P2, P3, P4, Ml, M2 M3/il 
i2 p4. ml, m2, m3. James (1963) reinterpreted KindahTs results' 
and suggested that the dental formula is, in fact II 12 13 C P9 

£ ^ T ' ! M2 u ^ ^ ^ ml ' ^ ^ aoale'SS 
nc^yT abn0nnai]ties m B - ^evicauda and foDowed James' 

(1963) mterpretation of the dental formula. Because of uncertainty 
rCg ^lo! "^J 10111010 ^, most authors employ the formula given 
in GENERAL CHARACTERS. Repenning (1967) deserve 
anatomy of individual teeth. 

Blarina brevicauda possesses "a pair of extrapulmonary 
broncrual diverticula emerging from the dorsal caudal margin of the 
nght posterior lobe of the lung/' which may be a morpholorical 
adaptation to the environment in which the shrews live (Park^ 
1 956:236). Dust collects in the diverticula, balls up, is ejected into 
tne lungs by the muscular action of the diverticula, and is removed 
by peristalsis (Parke and Wetzel, 1968). 

l o 1 ] 16 ^ 11 ^ ^ peCt ° f 4e brain of B ' ^evicauda was fiVured 
by Hyde (1959), and the lateral aspect by Le Gros dark (1932) 
The secondary optic tracts of the brain are large relative to the 
primary visual elements (Ciliilan, 1941); the optic, oculomotor, tro- 
chlear, arid abducens nerves are small for mammals and are dwarfed 
by *e tngeminaJ 1959). With respect to the trigem- 
mus, Hyde (1959:345) stated that Blarina "probably represents 
the greatest reduction in neuronal population that is consistent with 
adequate brain function." The olfactory tubercle and bulbs are large 
(U Cros Clark, 1932). IT* relative size of the amygdaloid complex 
is simdar to that of other mammals (Crosby and Humphrey. 1944) 
The average hematocrit for B. brevicauda was 45% and the 
average hemoglobin was 16.5 g/100 ml, well within the range for 
other mammals. The average red blood cell count was 18 million/ 
mm, very high for mammals, whereas the average white blood cell 
count of 2,730/mm was low (Doremus and Jaffe. 1964) 

Allen (1894:270) commented on the skull and skeleton of B 
brevicauda and concluded that the "posterior extremity is of low 
specialization, and one which supports the trunk imperfectly " 
Oaughran (1954) described and contrasted the osteology and myol- 
ogy of the cranial and cervical regions of B. brevicauda and the 
eastern mole, Scalopus aauaticus. He concluded that their crania 
have similar proportions and features, but that Blarina is specialized 
more for mastication and Scalopus more for burrowing. 

Testes are situated inside the abdominal cavity; there is no 
scrotum (Pearson, 1944). Testes in winter vary in length from 2 5 
to 4.5 mm, whereas in the breeding season they usually are longer 
than 9 mm. An erect penis in the breeding season measures about 
£U mm, the terminal third to half of which is glans (Martin, 1967- 
Pearson 1944). Male accessory reproductive glands include pros- 
tate and bulbo-urethral glands (Eadie, 1947). The vagina during 
estrus is bent in an S-shape (Pearson, 1944). The uterus is bicorn 
uate; the distance from the base of the bladder to the junction of 
the uterine horns in winter was as little as 2 mm but in the breeding 
season increased to more than 12 mm (Pearson, 1944). Ovaries 
are completely enclosed in ovarian capsules and consist primarily 
ol follicles, with relatively few interstitial cells (Pearson, 1944) The 
chorioallantoic placenta has been described as endotheliochorial in 
organization (Wimsatt et al., 1973). Females have three pairs of 
mammae in the groin region (Schwartz and Schwartz, 1981). 

FUNCTION. The metabolic rate of fl. brevicauda is char- 
acterized by short periods of activity with intervening periods of 
inactivity (Pearson, 1947). The pattern is nearly continuous, al- 
though there is a distinct tendency for short-tailed shrews to be 
more active m the early morning (Morrison, 1,948). Periods of 
activity average about 4.5 rnin (Buckner, 1964)'. The shrews are 
active for only 16% of a 24-h period (Martinsen, 1969), the re- 

i^vxT 61 " 6 at a ,0Wer ' restin & m etabolic rate (Randolph, 

1973). Martinsen (1969) hypothesized that this, together with the 
proclivity of these shrews to eat nearly any source of energy, ac- 
counts for the ability of the species to survive in cold-temperature 
climates. Within the range of 0°C to 25«C, metabolism is inversely 
proportional to ambient temperature (Randolph, 1973). 

Food consumption averages about 0.56 g g~ l day- 1 in B 
brevicauda (Morrison et al., 1957), whereas oxygen consumption 
averages about 5.2 cc g- h- (Pearson, 1947). Food consumption 
in winter is about 43% higher than in summer (Randolph. 1973). 
Calculated values for basal metabolic rate range from 2.18 to 3.4 



To^K h " (Mar ; inse "- 1969 ; Neal a "d Lustick. 1973; Pearson 
IV4^. Because of its high evaporative water loss, B. brevicauda 
requires free water even though it derives free water from food and 
metabolic water from oxidation of food (Chew, 1951). Jackson (1961) 
Ulustrated and described shrew feces as being about 2.5 cm lone 
dark green in color, and twisted into a corkscrew shape 

Computed from oxygen consumption, the therraoneutral zone 
of B. brevicauda extends from 2S°C to 33°C. Minimal oxyeen 
consumpUon occurs at 3(TC (Neal and Lustick, 1973). The unner 
lethal ambient temperature appears to be 35°C, at which no amount 
of evaporative water loss is effective in reversing hyperthermia. 
Mean body temperature ranges from 38°C to 38.5*C (Chew 1951- 
Doremus 1 965). but body temperature elevates appreciably' during 
periods of activity (Kendeigh, 1945). ' 6 

The poisonous nature of the saliva of B. brevicauda was 
suspected as early as 1889, and several authors described the ™ 
nous effects experienced after they were bitten by shrews (Krosch, 
1973; Maynard, 1889) The poison fa secreted from the submaxi 

TZfTt u^K* dUCt b *" of «•* lower when 

a short-tailed shrew b.tes another animal, the toxic saliva probably 

iTSSw ^ Ae t "° ,ee,h mto ^ vo ™ d 

son, 1942). In small mammals, the toxin can lead to death from 
fSETTr a c«mpanied by severe peripheral vasodilation 
(Hhs and Krayer. 1955; Pearson, 1942k DeMeules (1954) also 
demonstrated a posstble anti-adrenalin action of the venom. The 

StT'ln* 11 { Ust£mine - like features (EUis and Kray- 

er, 1955). The LDj, of crudely purified toxin is approximately 3 4 
mg/kg m mice and cats and 0.6 to 1.2 mg/kg in rabbits (Ellis and 
19S 5)- Lawrence (1945) compared shrew venom to snake 
venom and found that m its neurotoxic and hemotoxic effects, it 
js most comparable to elapine venom. She suggested that, in addition 
to its role in predation, it may aid in the breakdown of protein 
dunng digesuon. Tomasi (1978) opined that one function of me 
venom is to stun or paralyze its prey, thereby allowing short-tailed 
shrews to take advantage of prey even though i, mighfnot actu% 
be eaten until later. Martin (1981a) described the immobilizing 

ft fl^ ? n 1 £ MB ■ nd "B^ that the venom facfl 

itates food hoarding by Blarina. 

Evidence that short-tailed shrews employ echolocation to ex- 
plore their environment was first presented by Gould et al (1964) 
Subsequently, Tomasi (1979) investigated the educating aKfitv 

bltten'Z^ *J " fc f* ° f mdivWuals to Criminate 

between open-ended and closed tubes simulating burrows. Lacking 

£Z?77 "?u t V^ ,raSOniC " cKcks " eraitt6d b y the shrews were 
i T T" and C '° Sed tubes "P ^ 61 cm in 

3; «? 305 cm «•« ^tinction was possible for openings as 
small as 0.63 era ra diameter and around corners up to 90° The 
shrews ako could distinguish among different kinds of materials 

SaTSL ^ 0< S?'°" " cUcks " were ' ecorded ^ 30 
to oo kHz (Gould et aL, 1964; Tomasi. 1979). 
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usually occurs from 55 to 71 h after the first copulation and never 
occurs in the absence of copulation. Receptivity of the female d P 
creases if ovulation has occurred but may last for as lone as 1 
month if it has not. During pregnancy, the corpora lutea reeress 
(Pearson, 1944). Asdell (1965) suggested that die placenta^ 
duces enough progesterone to continue pregnancy. 

Gestation lasts 21 or 22 days (Hamilton. 1929; Pearson. 1944) 
Average litter sizes of "six or seven" (Hamilton, 1929- 134) 4 7 

1 US V,n 9 l 1) \ and 4 5 (Peare ° n ' 1944 > We «*« r «P°'ted. Ham- 
uton (1929) described a Utter ol seven neonates as being naked 
(except for vibrissae, which averaged 1 mm in length), dark pink 
and about "honeybee size," and as having closed eyes and ears. Ax 

2 days, external measurements (in mm) were: total length, 31; length 
of tail, 4; and length of bindfoot, 4.5; weight averaged 1.34 g. At 
4 days of age, they weighed an average of 3.8 g and were 48 mm 
m total length. At 8 days they weighed 6.2 g and had standard 
measurements of 61. 9.5. and 9. By that time, hair had appeared 
but teeth had not yet erupted; the shrews were noted to emit a 
sucking sound and were able to crawl. At 13 days, the young 
weighed 9 g and measured 73. 12. 16; sex was discernable by the 
appearance of mammae in females. At 19 days, the upper incisors 
had appeared Arough the gums, weight was 9.9 g. and total length 
was 91 mm. On day 22. when the last of the litter died, the eyes 
had not opened although the external ear was prominent. WeanL 
occurs by 25 days of age (Blus, 1971). Pearson (1944) mentioned 
a captive female that demonstrated receptivity at 47 days of aee 
and noted that captive males had spermatozoa in their testes, which 
were nearly of adult size, at 50 days of age. The earliest successful 

ZTu 9 «o^V <COrd , ed by PearSOn (l944 > was 31 83 days of 
age; Blus (1971) observed a male to breed successfully at 65 days 
U. brevicauda born in spring mature more rapidly than those born 
in autumn, and some breed in the same season in which they are 
born (Blus. 1971; Dapson. 1968; Pearson, 1944). 

In mark and release experiments by Pearson (1945), 6% of 
the originally marked population was recaptured in the second sum- 
mer. One wild-caught, captive female lived to at least 30 months 
ol age and one captive-born male bved 33 months. Blus (1971) 
studied mortality in a captive colony and found that 11.1% lived 
more than 1 year. The number of young that survived from birth 
to weaning was 72.6%. Average minimal survival for females and 
males was 4 4 and 4.6 months, respectively. Age may be deter- 
mined from the degree of toothwear, with maximum wear indicating 
an age of about 18 months (Pearson, 1945). 



Orm>GENY AND REPRODUCTION. The breedine 

ZZV V/ a eVi Z aUda ,3StS fr0m Feb "«ary to Sep tembef 

(Chnstian, 1969; Pearson, 1944). Females in estrus wereca^gn 
in early January when sexual maturation of males was only beX 
ning (Chnstian 1969); conversely, males in breeding conditionX 
caugh, m nud^ctober (Pearson, 1944). Dapson (Voided 
£e capture in February of a shor.-tailed shrew mat must have heel 
born m January or December. Two peaks of breeding, in spring 

£ 1, T Z f ar V" ,Umn ' have "Oted (Blair. 194<* 
Hamdton, 1929). Although Pearson (1944) assumed that there was 
no postpartum estrus in his captive females. Blus (1971) concluded 
that evidence from wild-caught shrews was too indirect to conclude 
Aat ,t never occurs Both authors documented instances of estrus 
occurring after the deatb.of a litter. 

Copulation in B. brevicauda lasts as long as 25 min and 
averages 5 mm. The shrews are locked together probabl/T 'fi 
perns becoming rigid after it has passed around one or moreAarp 

in sleepmg shrews and the rigid glans took on a flat, leaf-like 
SrTbT man f S - sha P e - caused P-«ly »>y erectile tfesu« ana 
*A h7 * ? w ol t f r T tor P enis ****** (Gibbs. 1955; Pearson 
1944). Dunng copulation, the female usually is active and drTes 
the macuve male behind her. No postcopulatory plug is formed! 

rta^T'n. • er T C ° PUlati0n ' ^ ma,e Had to ^ * " 
att^^TT ° r ^ ma,in 6 S m 1 da y were ^rved; 

at least six matings/day are required to induce ovulation, which 



t 2£ \ Earthworms (OligochaeU) (Mumford and Whit- 

aker, 1982; Whitaker and Ferraro, 1963) or millipedes (Diplopoda) 
(Wy and Lmzey. 1973) make up a major portion of thZ diet of 
B brevicauda. Hamilton (1941) analyzed 460 stomachs and found 
tbat the majority contained insects and annelids and that (in de- 
creasing order of frequency) plant material, centipedes (Chilopoda), 
arachnids, molluscs, and vertebrates also were represented. He as- 
serted that short-tailed shrews were not heavy predators on field 

(To^.o^ .^T^ 0 " rfbein S (Merriam, 1884). Eadie 
(1944. 948) analyzed Blarina feces during high and low popula- 
tion cycles of Microtus penasylvanicus and found that, whereas 
insects predominated in the diet of B. brevicauda even when voles 
were most numerous, the diet included more voles during periods 

Vo*T • T 9 .' 7 tha " durin 6 low vole densit y- Eadie 0 9 44. 
1952) esumated that three shrews consumed 14 to 27 mice per 
Z.o ha dunng the winter months, thereby acting as an effective 
| C r, I i < o7? 1 T r T e ?°P ulations - AUen (1938) and Piatt and Blake- 
ley (1973) thought that mice might become important in the diet 
ot Blarina when insects are relatively unavailable. In addition, B. 
^revcauda reportedly has preyed on Sorex (Eadie. 1&9; Hamil- 
ton 1940). a young Lepus americanus (Rongstad. 1965), a ribbon 
snale Thamnophis sp. (O'Reilly, 1949). a 60-cm water snake, 
^Verod«a sp. (Cope, 1873). and a slimy salamander. Plethodon. 

fotr^- ( ^ amil , ,0n ; l930) " End °Sone and other fungi (Diehl, 
1939; Whitaker, 1962) sometimes are included in their diet. Short- 
tailed shrews store food for future use (Hamilton, 1930; Robinson 
and Brodie. 1982). especially snails (Gastropoda) (Clench. 1925; 
Ingram. 1942). Martin (1984) found that food-hoarding by short- 
tailed shrews occurred primarily in autumn and winter although it 
could be induced in summer by a sudden abundance of prey 

bpecies predatory on B. brevicauda include: owls— Aegolius 
acadicus, Asia otus, A. flammeus. Bubo virginianus. Otis asio, 
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and Strix varia (Choate, 19726; Dexter, 1978; Cetz, 1961c; Kirk- 
patrick and Conway, 1947; Mumford and Whitaker, 1982; Pearson 
and Pearson, 1947; Williams, 1936); hawks— Buteo lagopus. Cir- 
cus cyaneus, and Falco sparverius (Mumford and Whitaker, 1982); 
shrikes— Lanius sp. (Jackson, 1961); snakes— Nerodia sp. f Agkis- 
trodon contortrix, Pituophis melanoleucus, and members of the 
Crotalinae (Jackson, 1961); felids— Felis catus and F. rufiis (Er- 
rington, 1936; Story et al., 1982); canids— Cards domesticus, C. 
latrans, Vulpes vulpes, and Urocyon cinereoargenteus (Andrews 
and Boggess, 1978; Fowle and Edwards, 1955; Hamilton, 1935; 
Mumford and Whitaker, 1982); mustelids— Mustcla erminea, M. 
frenala, M. vison, and Mephitis mephitis (Hamilton, 1928, 1959; 
Mumford and Whitaker, 1982); raccoon, Procyon lotor (Hamilton] 
1936); opossum, Didelphis virginianus (Blumenthal and Kirkland, 
1976). Shrews also have been discovered in the stomachs of lake 
trout, Salvelinus namaycush (Fowle and Edwards, 1955) and green 
sunfish, Lepomis cyanellus (Huish and Hoffmeister, 1947). 

A literature search on parasites of B. brevicauda produced 
127 citations, most of which were original descriptions of 144 ecto- 
and endoparasites. Wittrock and Hendrickson (1979) listed 18 hel- 
minths that occurred in B. brevicauda in Iowa, and Mumford and 
Whitaker (1982) listed 32 species of ectoparasites and three orders 
of endoparasites (Nematoda, Trematoda, and Cestoda) that occurred 
on and in short-tailed shrews in Indiana. Nixon Wilson (pers. comm.), 
after exainining our bibliography, reported that the papers referred 
to the following ectoparasites: 2 species of Anoplura; 2 Coleoptera 
(both leptmids); 1 dipteran (a cuterebrid); 25 Siphonaptera; 34 
Acari. 1 

Miller and Cetz (1977) calculated that short-tailed shrews have 
broad habitat requirements but were most common in areas with 
more than 50% herbaceous cover. Conversely, Dueser and-Shugart 
(1979) iterated that short-tailed shrews in eastern Tennessee have 
a narrow, somewhat specialized niche. Getz (1961a) found that food 
was the limiting factor in wooded habitats; type of vegetation, cover, 
temperature, and moisture had little effect on local distribution! 
although shrews avoided areas with little cover and with extremes 
of temperature and moisture. Pmitt (1953, 1959) suggested that 
deep Utter protected shrews in hardwood forest from temperature 
and moisture extremes. B. brevicauda was the most ubiquitous and 
abundant of five species of mammals studied in farmstead shelter- 
belts in southern Minnesota, based on captures in both wooded and 
unwooded habitats (Yahner, 1982, 1983). B. brevicauda moved 
between shelterbelts more often than other species studied. In Iowa, 
B. brevicauda was associated with big bluestem, Andropogon ger- 
ardi (Plan, 1975); in Quebec, they occurred primarily in mature 
deciduous-coniferous forest and secondarily in fields of tall grasses 
and sedges (Wrigley, 1969). Sinclair et al. (1967) found short-tailed 
shrews associated with stone walls in relatively dry situations in 
eastern deciduous forest; they suggested that humidity might be 
higher near the stone walls than in adjacent microhabitats, thereby 
enabling short-tailed shrews to inhabit otherwise dry areas. In east- 
ern Tennessee, Blarina consistently occupied areas of high stump 
and log density, hard ground, few shrubs, and dense overstory, and 
they fed on larval insects found in the stumps and logs (Kitchings 
and Levy, 1981). The subspecies B. 6. telmalestes occurs primarily 
in marshy habitats in and around the Dismal Swamp of Virginia 
and North Carolina (Handley, 1979). 

Piatt and Blakeley (1973) investigated the interspecific rela- 
tionship between B. brevicauda and Sorex cinereus, and suggested 
that Sorex populations might be somewhat negatively correlated 
with density of Blarina. Hamilton (1940) thought B. brevicauda 
might have an adverse effect on S.Jumeus populations, but Jameson 
(1949) found the opposite to be true. Lindeborg (1941) found a 
positive correlation between fluctuations in Peromyscus leucopus 
and B. brevicauda, and Calhoun (1963) found evidence that the 
presence of P. leucopus on the surface of the ground might force 
shrews to remain underground. Zegers and Ha (1981) postulated 
that P . leucopus used arboreal habitats to mirumize competition 
with Blarina. In Iowa, Heideman et al. (1983) found that members 
of the genus Peromyscus reinvaded flooded areas much more quick- 
ly than Blarina. 

Winter mortality of up to 90% of populations of B. brevicau- 
da has been documented, probably related to stress from cold (Bar- 
beherm, 1958; Gottschang, 1965; Jackson, 1961). Population den- 
sity varies from year to year (Jackson, 1961; Piatt, 1968), and 
populations of short-tailed shrews occasionally crash, requiring sev- 
eral years to recover (Ozoga and Verme, 1968). Christian (1963) 



found that mean adrenal weight was related directly to population 
size. Brenner et al. (1983) concluded that reproduction in B brev 
icauda may not be affected adversely by behavioral interaction as 
it is in microtines. Estimates of population density range from 16/ 
ha to nearly 121/ha (Jackson, 1961; Williams, 1936). Estimates 
of home-range size usually average about 2.5 ha (Blair 1940 
1941; Buckner. 1966), and the range of each shrew usually over' 
laps with the range of one or more other shrews. Blair (1940) 
thought that B. brevicauda did not have territories defended from 
other shrews. 

In abandoned strip-mines, B. brevicauda is found only in older 
areas with stable, moist environmental conditions (Jones, 1974- 
Kirkland, 1976; Wetzel, 1958). After a timbered area is clear-cut! 
populations of shrews decline abruptly (Kirkland, 1977). Powerline 
corridors seem to be a dispersal barrier for short-tailed shrews 
(Schreiber and Graves, 1977). Because shrews are predators, they 
concentrate DDT residues at levels 10 times those found in Pero- 
myscus and Clethrionomys (Dimond and Sherburne, 1 969). Stehn 
et al. (1976) found that shrews significantly increased their con- 
sumption of arthropods after an area was sprayed with orthene, 
thus increasing their intake of pesticide residues. Getz et al. (1977) 
documented concentrations of lead in Blarina adjacent to highways. 

BEHAVIOR. Martin (1980) described 54 behavioral pat- 
terns in captive short-tailed shrews. B. brevicauda is a semifossorial 
mammal with runways usually in the top 10 cm of soil but with 
some as deep as 50 cm below the sofl surface (Hamilton, 1931; 
Jameson, 1943). Runways usually parallel the surface but occa- 
sionally ascend vertically to it (Jameson, 1943). Shrews dig along 
and through old rotten logs and often use runways of microtines 
and moles (Hamilton, 1931). Although there is individual variation 
in digging behavior, shrews generally dig with their front feet and, 
when enough soil accumulates, kick it from the tunnel entrance 
with their hindfeet (Rood, 1958). If the distance to the entrance is 
great enough, shrews do a sideways somersault and push the dirt 
out with their noses. They dig . at a rate of approximately 2.5 cm/ 
rain with frequent stops for short naps. Shull (1907) and Brooks 
(1908) found burrow systems of B. brevicauda literally to honey- 
comb an area. Shrews spend relatively little time on the surface of 
the ground (Rood, 1958) but have been reported to climb trees 
(Carter, 1936). Getz (19616) found them to be more active on 
cloudy days than on sunny or rainy days. 

Nests are underground and spherical in shape, and may be 
lined with vegetation and even fur of meadow voles, Microtus penn- 
sylvanicus (Hamilton, 1929; Rapp and Rapp, 1945; Shull, 1907). 
However, leaves and grass provided by Rood (1958) for his captive 
shrews were ignored. 

During lactation, female shrews constrict the openings of nests 
and reinforce the nesting materials (Martin, 1982). Activity of fe- 
males increases during pregnancy and lactation, possibly as the 
result of increased nutritional needs. Female shrews retrieve their 
pups by dragging and by a behavior similar to caravanning. The 
latter, however, involves only the female and one young. All ma- 
ternal behavior ceases when the young are weaned (Martin, 1982). 

Feces rarely are found in the nest (Hamilton, 1929; Rood, 
1958; Shull, 1907); they usually are deposited neatly on the side 
of a runway, outside the entrance to the nest, or, by captive shrews, 
in the corners of the cage. B. brevicauda twitches restlessly when 
sleeping. The most common position is with the nose and paws 
tucked under the belly (Rood, 1958). These shrews rarely stay in 
one position for more than a few minutes and often arouse to yawn, 
stretch, and clean themselves before going back to sleep. If several 
familiar individuals share a cage, they sleep together and constantly 
try to get to the bottom of the pile. Allison e^. (1977) quantified 
data on sleep in B. brevicauda. * 

Many authors consider Blarina to be solitary and unfriendly 
(Jackson, 1961; Martin, 19816; Shull, 1907). Rood (1958), how- 
ever, found that the sociability of short-tailed shrews depended greatly 
on individual dispositions with age and sex playing a lesser role; 
males and older animals tended to be less friendly than females and 
younger animals. Disposition also seems to have a bearing on pred- 
atory predilections. Some individuals seemed "terrified" of mice put 
into their cages, others attacked the mice half-heartedly, and some 
attacked without hesitation. Phillips (1956:543) noted that a shrew 
first "fastened its teeth just behind the left ear of the vole . . . and 
began to gnaw at the base of the skull. It required 11 minutes for 
the shrew to kill its prey, and during that time it was dragged 



6, 

roughly and rapidly about the cage, as the vole attempted to shake 
loose." Olsen (1969) analyzed the agonistic behavior of short-tailed 
shrews and recognized four action patterns and five postures. He 
suggested that the postures were used in species recognition, thus 
minimizing the amount of energy wasted in competition for food, 
space, and social position. 

GENETICS. Standard karyotypes of B. brevicauda are 
characterized by a diploid number of 50, 49, or 48 and a funda- 
mental number of 48 (George et al., 1982). Meylan (1967) con- 
cluded that variation in diploid numbers is the result of a fission - 
fusion event between a pair of large acrocentric autosomes and a 
pair of small acrocentric autosomes. The totally acrocentric diploid 
number of 50 is most common (Genoways et al., 1977; George et 
al-, 1982), and a diploid number of 48 has been found in only one 
specimen from central Illinois (Lee and Zimmerman, 1969). The 
X-chroraosome is a large metacentric (Genoways et al., 1977; Mey- 
lan, 1967). Genoways et al. (1977) reported the Y-chromosome to 
be a small acrocentric in B. b. brevicauda and B. 6. kirtlandi, 
whereas Meylan (1967) reported it to be a small metacentric in B. 
b. talpoides. George et al. (1982) demonstrated that each specia- 
tion event in the genus Blarina has been accompanied by fixation 
of chromosomal differences. 

Examination (using starch gel electrophoresis) of 18 presump- 
tive loci in individuals of B. brevicauda from Massachusetts and 
Pennsylvania revealed that mean heterozygosity was nil and the 
percent of loci polymorphic was 11.1 (George, 1984). Brenner and 
Atno (1983) found seven distinct protein fractions, representing six 
autosomal genetic traits, in the lens of the eye of B. brevicauda. 

REMARKS. Based on the revisionary studies of Merriam 
(1895) and Bole and Moulthrop (1942), the genus Blarina was 
thought to contain two species— B. brevicauda and B. telmalestes. 
The latter subsequently was shown by Handley (1979) to be a 
subspecies of B. brevicauda. However, a series of papers published 
since 1972 (Braun and Kennedy, 1983; French, 1981; Genoways 
and Choate, 1972; Genoways et al., 1977; George et al., 1981, 
1982; Moncrief et al., 1982; Tate et al., 1980) has demonstrated 
that the genus consists of at least three species — B. brevicauda, 
B. carolinensis, and B. hylophaga. Moreover, the nominal sub- 
species B. carolinensis peninsulae may represent a fourth species. 
Finally, the taxon B. carolinensis shermani may prove to be an 
isolated subspecies of B, brevicauda or still another species of 
Blarina (Jones et al., 1984). 

The generic name Blarina is a coined name that has no 
derivation. The specific epithet is a combination of two Latin words — 
brevis and cauda — meaning short tail. 

There are literally hundreds of citations that pertain to B. 
brevicauda. We have not been able to include them all here, but 
have attempted to cite those that give the most complete informa- 
tion or that summarize other authors' work. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
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.resolvent which can constitute a water injection agent, or a solubilizing agent (example: - distilled water for injection 1 A 

CTZEES ' f lyC ° l f SUSPeDSi0n ^ («^- surfacLts, such as a po.ysorbate 0)Xomponents 

for a tablet, such as pH regulator (example : an organic acid or its metal salt) and a stabilizer are in a medicine for 22 
ppl.canon fiuther Components for a tablet, such as a water or oily resolvent or a soIubilSLg agent (examp e SSS 
s^bilS Ire Id (CXample : 3 Polysaccharide), an emulsifier^exlnple : surf^O andT 

S^i?? 10 ™ ° f iDVenti0a Whi0h haS ^ ab °ve-mentioned composition can be manufactured by the method which 
Phflco±^°fT manufactur , ln g method . ~r example, a method given fothe 10th edition tablet gTneral mies of mf 
Fnarmacopoea of Japan, or a suitable improvement 

[0014] 

mSnsS^T eXam n e f°, d the u eXa J mpIe ° f m examiM ^ explain this invention in detail. 

0015] 15 OOASHI shrews collected in the adjustment Hokkaido Obihiro district of the salivary-glands extract of an examnle 
™ * t J m ° rtar ' * ^ with 70% ethano1 ,0mL . maceration was carried ouT a hIZ C for 

ffiS eX SfeJi e c a a n atl0n L T lC !^r ] J ,reVCnti0n 3Ctivity ex ~«ion Homo sapiens neuroblastoma cell 
*S£d Cfe a jib tSuTeno? ,P M f « ~JS 3fter [ CU,tiVati0n ] «* 1 ° % wildebeest Ceram V content DMEM - 

mTutetnlto S%^"L^ S C 3 H SUSCe ?* bilit y Auorochrome) of lOmicroM, it placed for 30 

fhT^Voftl k rocuoator p/ 0 C02 37 degrees Q, and the cell was made to incorporate Fura-2AM Then, it is Krens about 

ratio <B40/fW Affc-r l i P 1306 ™^™ 5 ™™»tes, 500nm fluorescence mtens.ty was measured, and it asked for the 
[Translation done.] - _ . 
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[Effect of the Invention] The calcium channel antagonist of this invention shows the calcium inflow inliibitory action to a c^U 
and has a use as therapeutic drugs, such as hypertension, or a reagent for biochemistry research. ' 
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[ProbIem(s) to be Solved by the Invention] Then, this invention 
checks a calcium inflow into a cell. 



aims at offering the new calcium channel antagonist which 
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ST^cipt mmm ™ «*- * «*— • which ■*» 6c ex»»c, of to ^ g.ao* of . sto e„ 

[0008] 

gully rat, a BWETO gull, ret aod a to RlSm i . te ?™' f 0 !*!*' such « »° OOASHI shrew, an EZOTO 

such as powder, , greoule a cmZ aodT^S^rT^ S ^ * ^ « *>«» <*<*, 

f 00 1 m tw*> foKUfc « TV , . exteraal application as a parenteral administration agent 

active ingredient Dharmarnlnav.wic^ « Ha^Ju t0 3 c ° nve " tio, » aJ method by adding the manufacture assistant admitted to an 
with ^^^^^^^^^^ Furthermore, it is also possible to consider as a durability tablet 
glands of the shrew in ScZlZne 1 ™Z?J ffZ • kerned, the loadings of the extract of the salivary 

20% of the weight mtheCa,C,Um channel of ^ mvendon are usually 0.2- 10 o/ oG f the weight preferablyTl to 

EL£& * - -b.et according to routes of 

caZymemy,^ "), such as a polyvinyl pyrLidone 

as talc, a coating agent (example • hychoxyethvl eel u^^„hT, ^ example: -) components for a tablet, such 
which can consntute the aquoSy infecrion or V ■' " moreover > tf jt * m ^e injection the resolvent 

saline, a propylene mZSS^^S^^^ " te WatCr for m j ection ~> A Physiological 

P H n^Texm^tyS^S^n sa^albll" P 0 *^ ^omponents for a tablet, such as 
Components for a tablet, such as a ^Zo^owl^^T' * T °T a PP lication 
binder (example • a carboxwinvl li ^ f solubihzing agent (example : alcohol and fatty acid ester), a 

[0012] The Seined ^Lt^c^^'Z^" ^ : S f ^ * m ™« L 

added a well-known nmufacturing meAod S^SIST! "Tl^ manufactured by the method which 
Pharmacopoea of Japan, or a mS^^ST^ *"* " *" ^ ^ ^ ^ ° f *» 

age, weight, and symptom. ^ P 7,113 d ° Se can be fluc u»ated according to a patienf s 
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methvl <**r nf Pura i „ fc 7^ f exchanged for 1 0% fetal-calf-serum content DMEM containing Fura-2AM (acetoxv 
SS*K5£^2±^" ^r 2 ^^*^ fluorochrome) of lOmicroM, it placed for 30 minu^into C02 

HEPESU liquid, and poufed dxtrZ^e^'^^?}] T concentration of 1 . 1x106 pieces / mL in 

SiSS^ H S ^ 2M POtaSSiUm cUoride SoIution was carried out it was stimulated, G40/O80 were 
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